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trees  is delayed by warm winter  [8–11]. Plants are affected by  the winter  temperature 
causing  chilling  effects  and  spring  temperature  causing  forcing  effects  and  these  two 
mechanisms are determinant to spring phenology of the fruit trees [12]. Each fruit tree has 
accumulated chilling requirements and goes dormant by releasing winter endodormancy 
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at Fabian Garcia,  −7.7 and  −5.4 °C at Los Lunas, and  −11.5 and −7.4 °C at Farmington, 
respectively, (Table 2). These early spring absolute minimum temperatures demonstrate 





































































































































































































































































































































































































January  −7.7    −0.7 ± 1.0  24.0  13.1 ± 1.9  −15.2  −3.7 ± 1.1  21.1  9.2 ± 2.0  −19.4  −5.7 ± 1.8  15.9  5.2 ± 1.8 
February  −13.9  1.2 ± 1.4  27.1  16.2 ± 1.8  −18.4  −2.3 ± 1.1  24.1  12.3 ± 1.9  −19.3  −4.1 ± 1.3  20.7  7.9 ± 1.8 
March  −7.4  4.3 ± 1.5  30.9  20.6 ± 1.7  −7.7  0.4 ± 1.3  27.6  17.0 ± 1.7  −11.5  −1.4 ± 1.2  25.5  12.9 ± 1.8 
April  −2.7  8.1 ± 1.5  35.3  25.4 ± 1.6  −5.4  3.9 ± 1.4  31.8  21.6 ± 1.7  −7.4  1.7 ± 1.4  28.5  17.6 ± 1.6 
May  3.1  13.2 ± 1.1  39.3  30.4 ± 1.6  −1.4  9.2 ± 1.3  37.9  26.8 ± 1.9  −4.0  6.9 ± 1.5  36.2  23.3 ± 2.0 
June  10.7  18.9 ± 1.3  43.4  35.5 ± 1.6  5.4  14.9 ± 1.3  40.5  32.8 ± 1.6  2.3  12.8 ± 1.4  37.9  30.1 ± 1.7 
July  14.9  21.1 ± 1.0  42.5  34.5 ± 1.6  10.6  18.1 ± 1.0  40.3  32.7 ± 1.5  7.9  16.5 ± 1.0  39  31.7 ± 1.5 
August  14.1  20.2 ± 1.1  40.8  33.3 ± 1.7  9.8  17.1 ± 1.1  37.6  31.3 ± 1.6  5.9  15.5 ± 1.1  37.0  29.9 ± 1.6 
September  6.7  16.5 ± 1.4  37.9  30.5 ± 1.7  0.7  12.8 ± 1.4  36.2  28.1 ± 1.5  −1.1  10.8 ± 1.4  35.4  26.0 ± 1.5 
October  −3.5  10.2 ± 1.3  35.1  25.4 ± 1.5  −7.1  6.1 ± 1.4  31.9  22.1 ± 1.6  −9.8  4.1 ± 1.5  29.7  19.1 ± 1.7 
November  −7.0  3.6 ± 1.7  28.7  18.2 ± 1.9  −8.4  −0.2 ± 1.5  24.7  14.6 ± 2.0  −12.5  −1.9 ± 1.4  22.6  11.2 ± 2.2 

































ington  compared  to Fabian Garcia.  In other words,  chill hour  increased with  latitude 
across the state of New Mexico.   






















2015–2016  20 October–31 December  01 January–10 March  33.8  689.06  8855.81 
2016–2017  06 November–30 December 31 December–27 February  0  660.84  6947.58 
2017–2018  21 October–31 December  01 January–18 March  1.6  617.82  11,352.27 
2018–2019  24 October–31 December  01 January–8 March  5.9  791.1  7817.70 
2019–2020  18 October–31 December  01 January–14 March  3  820.64  8702.91 
Los Lunas 
2017–2018  06 October–01 January  02 January–8 April  36.4  686.08  10,748.86 
2018–2019  05 October–03 January  04 January–7 April  45.7  733.26  7845.97 
2019–2020  04 October–01 January  02 January–1 April  44.6  760.24  7544.88 
Farmington 
2015–2016  7 October–17 January  18 January–13 April  53.5  750.50  6316.67 
2016–2017  26 October–29 January  30 January–29 March  57.9  781.46  4475.90 
2017–2018  24 October–11 January  12 January–28 April  57.9  964.04  9894.20 
2018–2019  01 October–06 January  07 January–9 April  55.1  798.50  4007.80 



















































season  is presented  in Figure 5. On average according to the Dynamic model,  the chill 











































and April,  (Figure  6b) minimizing  the  risk of vulnerability of  trees  flower bud  as  the 















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































influenced by  light  intensity,  temperature, and  relative humidity. Several satellites are 



































































































































































































































































































































Locations Tree species Chill portions Chilling hours 
Heat requirement 
(GDH) 
Bailey et al. [88] New Jersey, USA Apricots  873 - 1343   
Anderson et al. [46]  Sour cherry  954 6130 
Linvill [30] South Carolina, USA   65     
Kuden et al. [89] California, USA Pistacho    600 - 1050 
Dokoozlian [90] California, USA    50 - 400   
Egea et al. [91] Santomera, Spain Almond  266 - 996 5942 - 7577 
Alonso et al. [92] Spain Almond  400 - 600  5500 - 9300  
Ruiz et al. [34]  Calasparra, Spain Apricots  596 - 1266 4078 - 5879 
Okie et al. [93]  Plums  450   
Alburquerque et al. [49] Murcia, Spain, Sweet cherry 30.4 - 57.6 335±38 - 1323±68 7326 - 9450 
Luedeling et al. [40]  Walnuts  53.3 - 79.5 700   
Rahemi and Pakkish [94] Iran Pistachio  750-1 400 8 852-15 420 
Schalau [95] Yavapai, Arizona Fruit trees  500 - 1000    
Chaar and Astorga [96] Junín, Argentina Peach    2177 - 6490 
Luedeling [16] Klein-Altendorf, Germany Cherry 68.6±5.7 1,375±178 3473±1236 
Campoy et al.  [97] Western Cape, SouthAfrica Apricot 26.6 - 57.2 312 - 1022   
Campoy et al. [97] Murcia, Spain Apricot 31 - 51.8   4605 - 6247 
Luedeling et al. [21] Beijing, China Chestnu 79.8 ± 5.3   13466 ± 1918 
Luedeling et al. [21] Klein-Altendorf, Germany Cherry 104.2 ± 8.9   2698 ± 1183 
Prudencio et al. [98] Spain Almonds  49-66  308-843 32225-36087 
Raminrez et al.  [99] Chile Almonds 23-32 220-440  5814±669-12341±637 
Elloumi et al. [100] Tunisia Pistachio 36 206   
Ikinci et al. [101] Tuekey Pomegranate    25000 - 88052 
Guo et al. [19] Beijing, China Jujube 89±6   13,619±2,033 
Guo et al. [19] Beijing, China Chestnut  93±6    17418±1983  
Scott Clark [102]  Pecans 17 - 83 200 - 1000   
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Funes et al. [103] 
Girona, Spain Apple  62.5 - 68.4   
7416.2±687 - 
10272.5±1032 
Yaacoubi et al. [104] Palmas, Brazil  Apple  20.3–30.8   6893 
Yaacoubi et al. [104] Marsillargues, France Apple  39.1 - 70.8   9443 
Yaacoubi et al. [104] Ain Taoujdate, Morocco  Apple  64.2–67.2   5985 
Yaacoubi et al. [104] Ain Taoujdate, Morocco  Almonds 12.4 - 16.4     
Zhuang et al. [105] Nanjing, China Japanese apricot 24 - 82   691.9 - 2634.7 
Benmoussa et al. [51] SfaxEl-Maou, Tunisia Local almond 3.4 - 15.5   3962 - 8873 
Benmoussa et al. [51] SfaxEl-Maou, Tunisia Foreign almond 6.7 - 22.6   2894 - 10504 
Measham et al. [106] Western Australia Cherries 30.4 - 61.7     
Thomppson [107] Georgia, USA Peach    800 
Montazeran et al. [108] Iran Barberry  1400 2904 - 3432  
Gaeta et al. [109] Italy Almond 24-62   3263 - 6699 
Chavez et al. [110] Georgia, USA Japanese plums    500 - 900 
Chavez et al.[110] Georgia, USA Europian plums    700 - 1000 







Díez-Palet et al. [111] 
Egypt Apple  
37.8±2.7 - 
54.4±3 
  7471±1191 - 9501±1556 
Kaufmann and Blanke [112]  Sweet cherries  400 - 750  4000 - 13000 
Parkes et al. [113] Australia Apple  57±2.9 - 77±1.5 662±44.5-908±23.3   
Yang et al. [114] Heilongjiang province, China Ulmus pumila 86   5853 
Yang et al. [114] Heilongjiang province, China Populus simonii 86   5853 
Yang et al. [114] Heilongjiang province, China Syringa oblata 86   5853 
Nasrabadi et al. [115] Iran Pomegranate  605.56 - 700 7750 - 9000 
Kwon et al. [50] Republic of Korea Peach 21.3 - 74.8 377 - 1134 4824 - 5149 
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